Abstract-This paper focuses on delay-dependent bounded input bounded output (BIBO) stabilization of a class of two-dimensional (2D) discrete delayed systems described by Fornasini and Marchesini (FM) state-space models. The main contribution is to propose a linear matrix inequality (LMI) method to construct sufficient conditions on delay-rangedependent 2D BIBO stability, where the stability criterion guarantees that bounded input can lead to bounded output though the time delay has a direct effect on the system stability. To solve the problem, a novel relevant concept of 2D BIBO stability is first introduced. Then, the condition is formulated in terms of LMIS through the Lyapunov-Krasovskii function. Subsequently, the existence condition can be extended to the uncertain case. Meanwhile, the relation between BIBO stability and asymptotical stability is expatiated. The generality of the proposed design method is shown by results through constant delay case. Finally, an illustrative example of a causal 2D system is selected to demonstrate the effectiveness and merits of the proposed method.
I. INTRODUCTION
There has been the widespread concern to bounded input bounded output (BIBO) stability of one-dimensional (1D) systems in recent years [1] [2] [3] . BIBO stability means that any bounded input yields a bounded output, which is the system property. As an important system performance index, BIBO stability of the system can be considered in many aspects such as the free system dynamics, the basic single or double loop modulators, the issues connected with bilinear input/output maps, and so on. The investigation on BIBO stability for 1D system has become a hotspot and has been extended to areas such as neutral delay systems [4] . However, no much research Limin Wang is with College of Sciences, Liaoning Shihua University, Fushun, 113001, China (e-mail: wanglimin0817@163.com).
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on BIBO stability for two-dimensional (2D) delay systems has been done yet.
In the past few decades, the study on 2D system has achieved significant results [5] [6] in both theory and application areas such as multi-dimensional digital filtering, linear image processing, signal processing, process control, and so on. Because time delays may lead to oscillation, instability, and poor performance, study on 2D systems with time delays using the Lyapunov functional method has received considerable attention in recent years [7] [8] [9] .
In practice, n-dimensional (nD) problems often show the property that the underlying signal is unbounded with respect to only one coordinate direction, for example, the spatio-temporal 3D signal of a video camera. In real world, the scenarios lead to the definition of practical BIBO stability, a property that can be analyzed by comparably simple tests. In control theory, BIBO stability is a useful property for a plant since it guarantees that control actions stay inside predefined amplitude bounds. Due to signal processing and if signals are not decreasing in case of zero input after certain time, the output signal becomes almost independent on the input signal which is definitely harmful in most signal processing applications. Designing the appropriate controller to force the output signal to reduce to some predefined bounds in the case of the non-zero input is thus an urgent problem in applications. In some chemical processes such as the barrel temperature in the batch process, for a given bounded control input, the system's actual output temperature is difficult to achieve zero error tracking for the given output. Our goal is to preserve the error changing in a range, which means bounded. From the above analysis, study on BIBO stability of 2D system is valuable in both reality and theory.
To date, there exist the following methods focusing on the BIBO stability of 1D system, such as Lipschitz continuous combined with differential equation method [10] , matrix Riccati equation and Bihari-type inequality technique [1, 11] , Razumikhin technique [3] , and son on. However, to the best of the authors' knowledge, the BIBO stability problem for 2D systems has not been fully investigated with only limited results based on the frequency domain method [12] . For the 2D system with time delay, nearly no research results have been available up to now.
In process control, we have known that if the system reference input signal is bounded when the state cannot be convergent to zero, we expect the output signal be convergent to some predefined bounds. Inspired by this and according to the bounded reference input signal, we are interested in analyzing the delay-range dependent BIBO stability issues for a class of uncertain systems described by the 2D-FM state-space model with state delays varying in a range. As we all know, the LMI approach is an efficient method to solve many control problems. Here we use this method to solve the considered problem. Different from the existing results on the analysis of BIBO control, the work of our paper has the following features: (1) A new relevant concept of 2D BIBO stability is first presented. (2) To avoid the complex calculations, a novel Lyapunov functional candidate is chosen and a differential inequality is added to the difference Lyapunov functional for 2D systems. Then based on linear matrix inequality (LMI) method, sufficient conditions for the existence of the delay-range dependent state feedback controller is derived that ensures the closed-loop system BIBO stable and can be easily solved by LMI Toolbox in Matlab. (3) In order to make the study more practical, the existence conditions are easily extended to the uncertain case according to some common methods of transformation. This paper also expatiates on the relation of BIBO stability with asymptotical stability. Finally, applications to a causal 2D system show that the proposed 2D controller achieves the design objectives despite the fact that the time delay item may lead to the system instability.
II. PROBLEM FORMULATION
Consider the following discrete-time model with interval time-varying delay:
Now, according to [13] , we extend the idea and achieve the new definitions, where we also introduce some lemmas for a precise formulation of our results. 
The control system given by (1) is said to be 2D BIBO stabilized by the control law (4), if for every reference input 
III. MAIN RESULTS
In this section, the main goal is to design an 2D controller to ensure the corresponding closed-loop system (5) BIBO is stable. The main results are as follows. Theorem 1. For some given scalars 
and choose the gain of the control law in (4) as
then the closed-loop 2D system (5) is 2D BIBO controllable.
Proof. Choose the following Lyapunov function candidate
R and 2 R are positive definite matrices to be determined, and 1 t and t are given positive scalars. Design
We can obtain combined from Lemma 1 and (9) that 4 4 ( 1, 1) ( , ) ( , ) ( , ) ( , ) 
Hence, for any ( , )
 i j and 1     , the following inequality hold:
That is
Similar to the above proof, one obtains that
In summary Based on LMI methods, a solution to the design problem of a 2D BIBO controller is proposed for a class of two-dimensional (2D) discrete delayed systems described by the FM second state-space model with interval time-varying delay. By choosing a 2D Lyapunov function and adding a differential inequality to the Lyapunov function, the proposed conditions are formulated in terms of LMIs, which can be extended to the uncertain case. Furthermore, the relation of BIBO stability with asymptotical stability is expatiated. The results may be converted to constant delay case without loss of generality. The illustrative example of a causal 2D system has demonstrated the effectiveness and merits of the proposed method.
